Abstract. This paper studies the vegetative, productive and qualitative behavior of the Tempranillo variety, vertically trellised trained, according to a placement of vines with three different distances (1.04, 1.40 and 1.80 meters) in the row and a common distance between rows (2.40 meters), in order to determine the most suitable vine distance for the growing conditions. The experimental test has been developed for the period 2007-2011 in the Appellation of Origin Cigales, in Valladolid (Spain). The reduction of vine distance has favored the vegetative growth, through the shoot weight, while the grape yield has been slightly higher in the intermediate vine distance, 1.40 m, through the cluster weight. Ravaz index showed some increase with the increasing of vine distance, derived from the decrease of pruning wood. In qualitative terms, the variation of the vine distance did not significantly modify the basic composition of the grape. Therefore, the choice of the vine distance involves the convenience to assess both potential effects in terms of production and economic objectives of the new plantations, in accordance with the characteristics of each growing situation.
Introduction
The definition of planting density should always be included among the fundamental aspects in planning a vineyard plantation due to the impact that vine density carries out for vineyard profitability all throughout the entire life of the crop. It should be kept in mind that the producer tries to design the planting of vineyards, including the choice of vine density, in order to maximize his profitability. Thus, the goal of the operation is often trying to combine a satisfactory amount of crop with a considerable quality of grapes. Therefore it is convenient to assess how planting density may be the most appropriate to maximize grape quality and optimize the performance of the vineyard depending on soil and climatic growing conditions [1] , as this choice can be decisive for the chances of success for future vineyard since it is going to condition many technical aspects in the vineyard management.
The planting density is a function of two parameters: the spacing between rows (street width) and the distance between vines within the row [2] . In choosing the distance between rows mainly influence the possibilities of mechanization [3] , while in the choice of vine spacing influence more aspects related to the type of pruning [4] , the permanent structure of the plant [5] , the production level and the dynamics of maturation [6] , etc. In any case, the choice of vine density should consider its two components, the distance between rows and the distance between vines in the row [7] .
Some studies have shown that planting density directly affects the yield and quality of grape [8, 9] . In this sense, Planas [10] observed in high planting densities, in the French region of Audois, that the grape yield per hectare was higher and the grape yield per plant was lower than those of low planting densities. This increase in grape production per hectare in a high density vineyard was accompanied, in general, by a more complete, earlier maturity and a better quality of wines (red wines with more color, more concentrated), which was explained by an improved root colonization of soil, an effective capturing of light energy and a competition between individual vines that limit the individual vigor. However, other authors have found variable effects of vine density, which were dependent on the crop situations [11] [12] [13] [14] [15] .
The purpose of this work is to study the possible effects of varying the distance between vines, maintaining a common distance between rows, in the vegetative and productive development, as well as in the quality of the grape, of the red variety Tempranillo, vertically trellis trained. The study has been developed over a five years period, in an experimental vineyard located in the Appellation of Origin Cigales, in Valladolid, therefore, in a situation of crop growing and typical semi-arid climatic conditions of the center of the Duero River valley.
Material and methods
The trial was carried out over the period [2007] [2008] [2009] [2010] [2011] The soil of the vineyard, slightly stony on surface (10% small gravels), is developed on Miocene sandstones, in a site with soft slope in general, less than 3%, and has good ground drainage. The general characteristics of the soil profile of the trial are shown in Table 1 . This would be a soil classified as Haploxeralf calcic. The apparent density of the soil profile (in the first meter of depth) ranges from 1.66 to 1.83 g/cm 3 (decreasing in depth). The content of calcium carbonate (CaCO 3 ) varies between 6.5 and 41.2% (increasing in depth), while the active lime content varies between 3.6 and 13.2% (increasing in depth). The phosphorus content is very low (less than 3.02 mg/kg, decreasing in depth) and potassium content is mediumhigh (between 44.4 and 273.0 mg/kg, decreasing in depth).
The water regime of the vineyard has basically been rainfed, but with application of deficit irrigation support some years. Table 2 .
The statistical analysis of results has been done through variance analysis (ANOVA), by means of the STATISTICA program. 
Results and discussion

Grape yield
The grape yield showed a general tendency of treatment 1.40 to obtain a slightly higher level than 1.80, which, in turn, has been shown somewhat larger than treatment 1.04, with only an increase of the greatest with respect to the smallest of 6.5%. The few differences noted between treatments were only statistically significant one of the years of study (Table 3) . A similar trend to grape yield was observed in the cluster weight, so that the treatment 1.40 has shown a cluster weight somewhat greater than the 1.80, and the latter in turn slightly larger than the 1.04, with only an average increase of the greatest respect to the smallest of about 5%, with statistically significant differences found some years of the study (Table 4) . The cluster weight, therefore, mostly explains the slight tendency of the productive response of established treatments, since the number of clusters per linear meter has not practically shown differences between treatments, except for the first year of study, in which the treatment 1.04 provided fewer clusters per meter of trellis (Table 5 ).
Regarding the cluster weight, the number of berries per cluster also showed a slight tendency of treatment 1.40 to present slightly higher values than the other two treatments, with an average increase of 5% compared to (Table 6 ). It has been observed that the differences were statistically significant some years. Regarding the berry weight, it has hardly been observed any tendency of the treatments to produce berries significantly higher or smaller, with a similar average berry weight of the three treatments, between 2.09 and 2.14 grams. The differences were statistically significant exceptionally the first year of study, in favor of treatment 1.80 (Table 7) . The real fertility, expressed as number of clusters per shoot of pruning, showed a higher mean value of treatment 1.80 than treatments 1.40 and 1.04, with an average increase of 10%, which has been corroborated by the existence of statistically significant differences in several years of study (Table 8) .
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Vegetative growth
The weight of pruning wood per unit area of soil decreased with increasing vine spacing, with statistically significant differences between treatments all the years of study. The average increase in weight of pruning wood of the highest treatment, 1.04, with respect to the lowest, 1.80, was about 15% ( Table 9 ).
The weight of shoot has been largely responsible for the decline of pruning wood due to the increase of distance between vines regarding the treatment 1.04, which showed higher values than the other two treatments, with an average increase of 6% compared to them, having observed that these differences between treatments were statistically significant some years of study (Table 10 ). The number of shoots per linear meter also showed differences between treatment 1.80, with lower values (mean of 10.3), and the two other treatments (mean values of 11.2 and 11.1), with an average decrease of 8%, in such a way that they have been statistically significant several years of study (Table 11 ).
The Ravaz index has shown a tendency to increase with the distance between vines, due mainly to the decrease in the weight of pruning wood, having observed statistically significant differences between experimental treatments most years (Table 12 ).
Grape composition
The concentration of soluble solids (
• Brix) has not changed with the distance between vines, having found no statistically significant differences in sugar concentration between treatments either year of study (Table 13) . The pH values were quite similar in the three treatments of distance between vines studied, without remarkable annual differences which obviously have not been statistically significant, except for the last year (Table 14) . The titratable acidity (g/L) neither has presented significant differences between treatments, which were statistically significant only in 2008, a campaign of fairly high acidity, with a higher value of treatment 1.40 and lower of treatment 1.80 (Table 15) .
With a similar trend, the tartaric acid (g/L) has not shown remarkable differences between treatments in the three years that this parameter was analyzed, which was reflected in no cases of statistically significance (Table 16 ). The malic acid (g/L) neither has presented notable differences between treatments, with very similar values in the three established treatments of vine distance and naturally without having detected any statistically significant difference between treatments (Table 17) .
The potassium showed higher concentration in grapes from smaller distance between vines, 1.04 m, than in grapes from the other two vine distances, accounting for an average increase with respect to these of 6%. These differences have been statistically significant in two of the three years of study of this parameter (Table 18 ). The total polyphenol index has hardly shown little differences between treatments, which have been of little quantitative importance in any of the years in which they were statistically significant in favor of treatment 1.80 with respect to treatment 1.04 or treatment 1.40 (Table 19) . 
Conclusions
The variation of the distance between vines has had little effect on grape production, although the treatment of intermediate distance, 1.40 m, showed a slightly higher grape yield than 1.80 m and this slightly higher than 1.04 m, with an increase of the greatest compared to the lowest of about 6.5%. Overall, this slight increase has been mainly due to the variation of the cluster weight, which has followed the same trend as the grape yield, while the number of clusters per meter has not been substantially altered. The number of berries per cluster has been more related to the variation of the cluster weight than the individual berry weight, which has shown a very similar value in the three treatments studied. The weight of pruning wood per unit area of soil has clearly decreased with increasing distance between vines every year of study, with an average increase of 15% of the highest treatment, 1.04, relative to the lowest treatment, 1.80. The weight of shoot has been largely responsible for this decline, although with a smaller average increase of 6% for treatment 1.04, since the number of shoots per linear meter has also shown some unfavorable differences for treatment 1.80, with a decrease of 8%. The Ravaz index has shown a tendency to increase with the distance between vines, derived from the decrease in weight of pruning wood.
The variation of the distance between vines has not modified remarkably most of the parameters of grape composition analyzed in the study. Thus, the concentration of soluble solids, the pH, the titratable acidity, the tartaric acid and the malic acid have hardly changed with the change of the distance between vines. Uniquely, the potassium concentration has presented somewhat higher value in grapes from the lowest distance between vines, 1,04 m, than in grapes from the other two distances, whereas the total polyphenol index showed hardly no differences between treatments, which were of little quantitative importance in any year in which they appeared slightly favorable to the distance of 1.80 m.
Ultimately, the reduction of distance between vines favored vegetative growth, through the weight of shoot, while the grape yield was slightly higher with the intermediate vine distance, 1.40 m, through the weight of cluster. In qualitative terms, the variation of the distance between vines did not modify significantly the basic th World Congress of Vine and Wine and 12 th General Assembly of the OIV composition of grapes. Therefore, the choice of the vine distance involves the desirability of jointly assessing the potential effects in terms of production and economic objectives of the new plantations in accordance with the characteristics of each growing situation.
